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TTTLE OF THE INVENTION 

PROCESS FOR MAKING HIV PROTEASE INHIBITORS 

5 BACKGROUND OF THE INVENTION 

The present invention is concerned with a novel intermediate 
and process for synthesizing compounds which inhibit the protease 
encoded by humaii immui; .^deficiency virus (HTV), and in particular, the 
compound disclosed and referred to as "Compound J" in EPO 541 ,168, 
which published on May 12, 1993, or phaimaceutically acceptable salts 
thereof. 



15 



20 




t-Bu-NH^O 



Compound J 



These compounds are of value in the prevention of infection by HTV, the 
treatment of infection by HIV and the treatment of the resulting acquired 
immune deficiency syndrome (AIDS). 

More specifically, the instant process involves the 

25 racemization of optically pure or enriched piperazine-2-tert-butyl- 
caiboxamide and derivatives with strong base, anhydrous metal salts or 
carboxylic acids under mild conditions. The piperazine-tert-butyl- 
carboxamide derivatives are key intermediates useful in the preparation 
of HTV protease inhibitor compounds, including Compound J. 

30 A retrovirus designated human immunodeficiency virus 

(HTV) is the etiological agent of the complex disease that includes 
progressive destruction of the immune system (acquired immune 
deficiency syndrome; AIDS) and degeneration of the central and 
peripheral nervous system. This vims was previously known as LAV, 
HTLV-ITI, or ARV. A common feature of retrovirus replication is the 
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extensive post-translational processing of precursor polyproteins by a 
virally encoded protease to generate mature viral proteins required for 
virus assembly and function. Inhibition of this processing prevents the 
production of normally infectious virus. For example, Kohl, N.E. et al, 
Proc. Nat'l Acad. Sci., 85, 4686 (1 988), demonstrated that genetic 
inactivation of the HTV encoded protease resulted in the production of 
immature, non-infectious virus particles. These results indicate that 
inhibition of the HIV protease represents a viable method for the 
treatment of AIDS and the prevention or treatment of infection by HTV. 

The nucleotide sequence of HTV shows the presence of a pol 
gene in one open reading frame [Ratner, L. et al, Nature, 313, 277 
(1985)]. Amino acid sequence homology provides evidence that the pol 
sequence encodes reverse transcriptase, an endonuclease and an HTV 

15 protease [Toh, H. et al, EMBO J., 4, 1267 (1985); Power, M.D. et al, 
Science, 231, 1567 (1986); Pearl, L.H. et al, Nature, 329, 351 (1987)]. 
The end product compounds, including Compound J which is shown in 
Example 20 below, that can be made from the novel intermediates and 
process of this invention are inhibitors of HTV protease, and are disclosed 

2Q in EPO 541,168, which published on May 12, 1993. 

Previously, the synthesis of Compound J and related 
compounds was accomplished via a 12-step procedure which employed a 
hydroxy protected dihydro-5(S)-hydroxymethyl-3(2H) furanone which 
was alkylated, and involved replacement of an alcohol leaving group on 

25 the alkylated furanone with a piperidine moiety. The coupled product 
was then hydrolyzed to open the furanone ring into a hydroxy acid 
moiety, and the acid was ultimately coupled to 2(R)-hydroxy-l(S)- 
aminoindane. This procedure is described in EPO 541,168. The extreme 
length of this route (12 steps), renders this process time consuming and 

3 0 labor intensive, and it requires the use of many expensive reagents and an 
expensive starting material. A route requiring fewer reaction steps and 
reagents would provide desirable economical and time-saving benefits. 

A modified route to Compound J and related compounds 
was also shown in EPO 541,168 based on the diastereoselective 
alkylation of the enolate derived from N-(2(R)-hydroxy-l(S)-indan-N,0- 
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isopropyl-idene-yl)-3-phenyl-propaneamide, in which the C3-C5 three- 
carbon unit was introduced as an allyl group and later oxidized. Some 
problems with this route are: (a) four steps are necessary to effect the 
introduction of the three carbon glycidyl fragment, (b) highly toxic Os04 
is used in the process and (c) low diastereoselectivity is obtained in the 
dihydroxylation step. Thus, a desirable process would directly introduce 
the three carbon unit in the correct chiral oxidized form. 

Furthermore, the synthesis of the chiral piperazine 
intermediate was effected from 2-pyrazinecarboxylic acid in a 6 step 
procedure and required the use of expensive reagents such as BOC-ON 
and EDC. A shorter route to the piperazine inteimediate which also does 
not use expensive reagents would thus be desired. Moreover, during the 
synthes is of the chiral piperazine intermediate, both the desired (S)- 
piperazine carboxylate enantiomer (i.e., the precursor to the 2(S)- 
carboxamide piperazine intermediates) and the undesired (R)-enantiomer 
are formed requiring separation of the desired (S)-enantiomer which is 
then carried on to ultimately form Compound J. In the absence of 
practical methodology for converting the (R)-antipode to the (S)- 
antipode, it was discarded as waste, thus limiting the possible efficiency 
of this step to 50%. Thus, a method to improve the recovery of the (S)- 
piperazine intermediate would be highly desirable. 

More recently, a shorter route for preparing the compounds 
disclosed in EPO 541,168, and in particular Compound J, has been found. 
In this new route, l-((R)-2 , t 3 , -Epoxypropyl-(S)-2-tert-butylcarbonyl- 
piperazine is prepared and reacted with N-(2(R)-hydroxy4(S)-indan- 
N,0-isopropylidene-yl)-3-phenylpropaneamide to give the coupled 
product 8. 
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5 




io After removal of the BOC protecting group from the piperazine nitrogen, 
the unprotected piperazine compound is then reacted with 3-picolyl 
chloride to form Compound J. 

As with the earlier described process for preparing the HIV 
protease inhibitor compounds disclosed in EPO 541 , 1 68, preparation of 

15 the key chiral piperazine intermediate in this new process still results in a 
mixture of enantiomers requiring resolution of the (S)-enantiomer which 
is then carried on to form the final product. In the absence of practical 
methodology for converting the undesired (R)-antipode to the (S)- 
antipode, it was discarded as waste, thereby limiting the possible 

20 efficiency of this step to 50% and resulting in considerable waste and 
expense. Thus, a method to increase the yield of the (S)-piperazine 
intermediate would be highly desirable, resulting in both a reduction of 
the capital costs associated with the synthesis of Compound J and a 
reduction of the environmental problems caused by production of large 

25 quantities of unusable organic salt. 

The racemization of amides and peptides under basic 
conditions is known, and can occur via deprotonation of the asymmetric 
carbon atom to form an enolate, followed by reprotonation (eq. 1). 



30 




With amides bearing a heteroatom in the 2-position, racemization is also 
known to occur via elimination of the heteroatom followed by Michael- 
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type readdition of the heteroatom to the unsaturated species (eq. 2). As 
this unsaturated species is a monomer prone to polymerization, low 
yields of racemized product result. 

X 

X = OR, SR, NR'R",. . . 

See, Advances in Protein Chemistry, Anson, MX., Edsall, J.T., ed. 
Volume IV, Academic Press, New York, 1948, 344-356. 

Conditions typically employed to racemize peptides, 
however, do not work in the case of the piperazine-2-tert- 
butylcarboxamide derivatives of the hkstant invention because the a- 
hydrogen, which is on the carbon atom of the piperazine ring, is very 
weakly acidic and is therefore dmicult to remove. Thus, it was 
unexpected and unpredictable that racemization of the piperazine-2-tert- 
butylcarboxamides could be efficiently and rapidly carried out under mild 
conditions. 

The instant invention provides a method for increasing the 
yield of the desired (S)-piperazine intermediate X, which is needed in the 
synthesis of Compound J, by racemizing optically pure or enriched 
piperazine-2-tert-butyl-carboxamide and derivatives with strong base 
under mild conditions. Since the optically active piperazine-2-tert- 
butylcarboxamides are available via resolution of the corresponding 
racemates, subsequent racemization of the undesired antipode provides a 
way to recycle it into the desired antipode, thereby increasing the yield, 
eliminating waste and resulting in capital savings. Thus, the instant 
invention provides a more advantageous method for preparing HIV 
protease inhibitors containing the 2(S)-carboxamide piperazine moiety 
than previously known by allowing a higher yielding synthesis of the 
compounds useful in the treatment of HIV, and in particular Compound J, 
by increasing recovery of the 2(S>carboxamid? piperazine intermediate. 
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SUMMAR Y OF THE INVENTION 

The instant invention involves novel synthetic methods for 
making racemic piperazine-2-tert-butylcarboxamide derivatives, which 
are useful for the synthesis of HIV protease inhibitors. 

The instant invention involves a process for racemization of 
optically pure or enriched piperazine-2-tert-butylcarboxamide substrate 
of F ormula DC or X, or a salt thereof, 



10 




15 IX x 

comprising reacting said substrate, or a salt thereof, with a racemizing 
agent selected from a strong base, an anhydrous metal salt or a carboxylic 
acid, in a solvent at a temperature range of between room temperature 
20 and 250°C; 
wherein 

R 1 and R2 are each independently selected from the group consisting of 

0 0 
ii it 

hydrogen, R, ~ C-R and ~ C ~ 0R ; and 

25 

R is selected from the group consisting of Cl-5 alkyl, -CH2-aryl, 
-CH2-heteroaryl, aryl and trifluoromethyl. 



In one embodiment of the instant invention is the process 
3 o wherein R2 is selected from the group consisting of hydrogen and 
0 

- £ -° R ;and 

R is selected from the group consisting of Cl-5 alkyl, -CH2-aryl and 
-CH2-heteroaryl. 



WO 95/21162 



PCT/DS95/01232 



-7- 

one class is the process wherein said racemizing agent is a 
strong base selected from the group consisting of an alkyl lithium, a 
lithium amide, a hydroxide, an alkoxide and a Schwesinger base. 

Illustrative of this class is me process wherein said strong 
base is selected from the group consisting of lithium tert-butoxide, 
sodium tert-butoxide, potassium tert-butoxide, lithium n-propoxide, 
sodium n-propoxide, potassium n-propoxide, sodium methoxide, 
potassium methoxide, sodium ethoxide and potassium ethoxide. 

In a second class is the process wherein said racemizing 
agent is an anhydrous metal salt selected from magnesium chloride, 
magnesium bromide, zinc chloride, iron (HI) chloride or titanium (IV) 
chloride. 

In a third class is the process wherein said racemizing agent 
is a caiboxylic acid selected from acetic acid, propionic acid, butyric acid 
or isobutyric acid. 

In a subclass of each of the above is the process wherein said 
temperature range is between 50 and 120°C. 

Illustrative of this subclass is the process wherein said 
solvent is an ether, an alkane, a cycloalkane, an alcohol or an aromatic 
compound, or a mixture thereof. 

A further illustration of this subclass is the process wherein 
said solvent is selected from THF, cyclohexane or propanol, or a mixture 
thereof. 

Further illustrating this subclass is the process wherein said 
substrate is selected from the group consisting of 
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or a salt thereof. 

Exemplifying this subclass is the process wherein said 
substrate is selected from the group consisting of 
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20 
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v^ 1 



H ~V U 

h IT x Yv nh 
o • h IT 





and 



or a salt thereof. 

Further exemplifying this subclass is the process wherein 
said substrate salt is selected from a pyroglutamic acid salt or a 
camphorsulfonic acid salt 

A further example is the process wherein said substrate salt 
is the bis-(L)-pyroglutamic acid salt. 

Further exemplifying this embodiment is the process 
comprising the additional step of isolating the (S)-enantiomer of the 
piperazine-2-tert-butylcarboxamide compound from the racemate. 

Still another example of the invention is a process for 
racemization of an optically pure or enriched piperazine-2-tert- 
butylcarboxamide substrate of Formula IX, or a salt thereof, 



30 
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Vv-f 



IX 



comprising reacting said substrate with an alkoxide in 1-propanol at a 
10 temperature range of between 50 and 120°C; 
wherein 

Rl is hydrogen or tert-butyloxycarbonyl; and 
R2 is hydrogen. 



Specifically exemplifying the invention is the process 
wherein said alkoxide is selected from sodium n-propoxide, potassium n- 
propoxide and lithium n-propoxide. 

More specifically exemplifying the invention is the process 
wherein said sodium, potassium or lithium n-propoxide is prepared in situ 
by the azeotropic drying of sodium, potassium or lithium hydroxide in 1 - 
propanol. 

Illustrative of the invention is the process wherein said salt is 
the (L)-pyroglutamic acid salt. 

A more specific illustration of the invention is the process 
wherein the temperature range is between 85 and 120°C 

Also included within the scope of the invention are 
compounds of Formula XI and salts thereof 



30 ^,NL 

N C-NH — 

R 2 O 

XI 
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wherein Rl and R2 are each independently selected from the group 

0 o 

consisting of hydrogen, R, —C ~ R and ~ C_0R ; and 
5 R is selected from the group consisting of Ci -5 alkyl, -CH2-aryl, 
-CH2-heteroaryl, aryl and trifluoromethyl. 

In a second embodiment of the invention are the compounds 

wherein 

10 0 



15 



20 



25 



R 1 is selected from the group consisting of hydrogen, R and ~ C_0R ; 

O 

R 2 is selected from the group consisting of hydrogen and ~~ c " 0R ; and 



R is selected from the group consisting of Q-5 alkyl, -CH2-aryl and 
-CH2-heteroaryl. 

In one class of this embodiment are the compounds wherein 
R 2 is hydrogen; and 

R is selected from Ci-5 alkyl and -CH2-heteroaryl; 

provided that Rl and R2 are not both hydrogen and further provided that 

Rl is not t-butyloxycarbonyl. 

In a subclass are the compounds, and salts thereof, selected 
from the group consisting of 
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15 



N N 



O o\ 0 



V. 



20 

Some abbreviations that appear in this application are as 

follows: 

25 ABBREVIATIONS 

Designation Protecting Group 

BOC (Boc) t-butyloxycarbonyl 

CBZ (Cbz) benzyloxycarbonyl (carbobenzoxy) 

30 TBS (TBDMS) t-butyl-dimethylsilyl 
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15 



20 



25 



30 



Designation Activating Group 

Ts or tosyl or tosylate p-toluenesulf onyl 

Ns or nosyl or nosylate 3-nitrobenzenesulfonyl 

Tf or triflyl or triflate trifluoromethanesulfonyl 

Ms or mesyl or mesylate methanesulf onyl 



Designation 
BOP recent 

BOP-C1 
EDC 



BOC-ON 



(BOC)20 (BOC20 orBoc20) 

n-Bu4N+F" 

nBuLi (n-Buli) 

(S)-CSA 

DI 

DIEA or DIPEA 

DMAP 

DME 

DMF 

Et3N 

EtOAc 

h 

IPA 
KF 
LDA 
LHDMS 



Coupling Reagent 

benzotriazol-l-yloxytris(dimethylamino)- 
phosphonium hexafluorophosphate 
bis(2-oxo-3-oxazolidmyl)phosphinic chloride 
1 -emyl-3-(3-dimemylaminopropyl) 
carbodiimide hydrochloride 



Other 

2-(tert-butylcarbonyloxyimino)- 
2-phenylacetonitrile 
di-t-butyl dicarbonate 
tetrabutyl ammonium fluoride 
n-butyllithium 

(15)-(+)-10-camphorsulfonic acid 
deionized 

diisopropylethylamine 

dimethylaminopyridine 

dimethoxyethane 

dimethylformamide 

triemylamine 

ethyl acetate 

hour(s) 

2-propanol 

Karl Fisher titration for water 
lithium diisopropylamide 
lithium hexamethyldisilazide 
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L-PGA 



(L)-pyroglutamic acid 
room temperature 
trifluoroacetic acid 
thermal gravimetry: loss on 
heating 

tetrahydrofuran 

thin layer chromatography 



r.t. 

TFA 

TG 



THF 
TLC 



10 



15 



20 



25 



DETAILED DESCRIPTION OF THE INVENTION 

During the synthesis of compounds which inhibit HTV 
protease, and in particular Compound J, which are described in EPO 
541,168, published on May 12, 1993, a key intermediate is the chiral 
compound (S)-2-tert-butylcarboxamide piperazine 11, 



and its derivatives (i.e., compounds of Formula X), or salts thereof. 
Piperazine 11 is prepared from 2-pyrazine carboxylic acid 12 by first 
forming the acid chloride and men reacting the pyrazine acid chloride 
with tert-butylamine to form the pyrazine-2-tert-butylcarboxamide 13. 
The pyrazine-2-tert-butylcarboxamide is then hydrogenated to form 
racemic-2-tert-butylcarboxamide-pipeiazine 14. At this point, separation 
of the (S)- and (R) enantiomers is necessary in order that the desired (S)- 
antipode may be carried on to form the HTV protease inhibitor 
compounds described in EPO 541,168, and in particular Compound J. 
Separation of the enantiomers can be effected according to methods well 
known to those skilled in the art, for example, chiral HPLC. Alternately, 
separation of the (S) and (R) enantiomers can be effected by preparing 
the bis (S)-camphorsulfonic acid 15 or (L)-pyroglutamic acid 16 salts of 
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the carboxamide-piperazine compound from racemic-2-tert- 
butylcarboxamide-piperazine 14. 

In the absence of practical methodology to convert the (R> 
antipode to the desired (S)-antipode, it was discarded as waste, thereby 
limiting the possible efficiency of this step to 50%. The instant invention 
provides a method for reacting the undesired (R)-antipode with a strong 
base, an anhydrous metal salt or a carboxylic acid under mild conditions 
according to Scheme 1 to form the racemate in high yield. Once the 
racemate is formed, the desired (S)-antipode can be recovered according 
to methods known to those of ordinary skill in the art (or by using the 
resolution described herein), thereby increasing the efficiency and yield 
of the process associated with the synthesis of Compound J. 

SCHEME 1 



20 




IX 



30 
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Substrates which can be used for the racemization include 




or a salt thereof, wherein R is Ci-5 alkyl, -CH2-aryl, -CH2-heteroaryl, 
aryl or trifluoromethyl. 

20 



25 



30 
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Preferably, the following substrates, or a salt thereof, are 
used in the instant invention 
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N 'V-NH" 



15 



or a salt thereof. 

20 Racemization can be effected using a racemizing agent such 

as anhydrous salts of Mg, Zn, Fe or Ti, carboxylic acids, or strong bases. 
Some examples of anhydrous metal salts which can be utilized in the 
instant invention are anhydrous magnesium chloride, magnesium 
bromide, zinc chloride, iron (HI) chloride or titanium (TV) chloride. 

25 Carboxylic acids which can be used include acetic acid, propionic acid, 
butyric acid and isobutyric acid. Preferably, strong bases such as an alkyl 
lithium (e.g., methyl lithium, sec-butyl lithium, t-butyl lithium), phenyl 
lithium, lithium amides (e.g., LDA, LHMDS), hydroxides (e.g., lithium, 
sodium or potassium hydroxide), alkoxides or Schwesinger bases are 

3 o employed. When the strong base is a hydroxide, it is preferable that 
solutions of aqueous hydroxides in alcohols be used to effect the 
racemization. Examples of alkoxides which can be used include lithium 
tert-butoxide, sodium tert-butoxide, potassium tert-butoxide, lithium n- 
propoxide, sodium n-propoxide, potassium n-propoxide, sodium 
methoxide, potassium methoxide, sodium ethoxide and potassium 
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ethoxide. Most preferred is the use of lithium, sodium or potassium tert- 
butoxide or lithium, sodium or potassium n-propoxide. Most preferably, 
the alkoxide is generated in situ by azeotropic drying of solutions of 
sodium, potassium or lithium hydroxide in alcohol. See e.g., German 
patent DRP 558469 (1932), describing the preparation of sodium 
alkoxides by azeotropic drying of solutions of NaOH in alcohol. 

Solvents, compatible with the reaction conditions, such as 
ethers, alkanes, alcohols, cycloalkanes and aromatics, or a mixture 
thereof, can be used. Preferably, ethers, alkanes and alcohols, or a 
mixture thereof, are employed as the solvents. The most preferred 
solvents are THF, cyclohexane and propanol, or a mixture thereof. 

The racemization can be effected at a temperature range of 
between room temperature and 250°C. Preferably, the temperature range 
is between about 50 and 120°C. Mos; preferably, the temperature range 
is between about 85 and 1 20°C. 

The instant racemization process can also be effected on 
salts of the substrate. Salts of tartaric acid, dibenzoyl tartaric acid, 
mandelic acid, lactic acid, camphorsulfonic acid and pyroglutamic acid 
can be used. Preferably , the (S)-camphorsulfonic acid salt or the (L)- 
pyroglutamic acid salts are used. The (L)-pyroglutamic acid salts are 
most preferred. 

Representative experimental procedures utilizing the novel 
process are detailed below. These procedures are exemplary only and 
should not be construed as being limitations on the novel process of this 
invention. 



EXAMPLE 1 



iine-2-tert-butvl carooxamirie. 1^ 




12 



13 
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2-Pyrazinecarboxylic acid (12) 3.35 kg (27 mol) 

Oxalyl chloride 3.46 kg (27.2 mol) 

tert-Butylamine(KF = 460^g/ml) 9.36 L (89 mol) 

EtOAc (KF = 56 ug/ml) 27 L 

DMF 120 mL 

1-Propanol 30 L 

The carboxylic acid 12 was suspended in 27 L of EtOAc and 
120 mL of DMF in a 72 L 3-neck flask with mechanical stirring under N2 
and the suspension was cooled to 2°C. The oxalyl chloride was added, 
maintaining the temperature between 5 and 8°C. 

The addition was completed in 5 h. During the exothermic 
addition, CO and C02 were evolved. The HC1 that was formed remained 
largely in solution. Assay of the acid chloride formation was carried out 
by quenching an anhydrous sample of the reaction with t-butylamine. At 
completion <0.7% of acid 12 remained. 

The reaction can be monitored by HPLC: 25 cm Dupont 
Zorbax RXC8 column with 1 mL/min flow and detection at 250 nm; 
linear gradient from 98% of 0.1 % aqueous H3PO4 and 2% CH3CN to 
50% aqueous H3PO4 and 50% CH3CN at 30 min. Retention times: acid 
12 = 10.7 min, amide 13 = 28.1 min. 

The reaction mixture was aged at 5°C for 1 h. The resulting 
slurry was cooled to 0°C and the tert-butylamine was added at such a rate 
as to keep the internal temperature below 20°C. 

The addition required 6 h, as the reaction was very 
exothermic. A small portion of the generated tert-butylammonium 
hydrochloride was swept out of the reaction as a fluffy white solid. 

The mixture was aged at 18°C for an additional 30 min. The 
precipitated ammonium salts were removed by filtration. The filter cake 
was washed with 12 L of EtOAc. The combined organic phases were 
washed with 6 L of a 3% NaHC03 and 2 X 2 L of saturated aq. NaCl. 
The organic phase was treated with 200 g of Darco G60 carbon and 
filtered through Solka Flok and the cake was washed with 
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4 L of EtOAc. Carbon treatment efficiently removed some purple color 
in the product. 

The EtOAc solution of 13 was concentrated at 10 mbar to 
25% of the original volume. 30 L of 1 -propanol were added, and the 
distillation was continued until a final volume of 20 L was reached. 

The internal temperature in this solvent change was < 30°C. 
A 1-propanol/EtOAC solution of 13 was stable to reflux at atmospheric 
pressure for several days. 

Evaporation of an aliquot gave a tan solid m.p 87-88°C; 13 C 
NMR (75 MHz, CDCI3, ppm) 161.8, 146.8, 145.0, 143.8, 142.1, 51.0, 
28.5. 

EXAMPLE 2 

rac-2-tert-Butvl-carhnx amide-piperazine 1 4 
.NL H2/Pd(OH) 2 (J 



N CONHt-Bu N CONHt-Bu 

13 H U 



Materials 

Pyrazine-2-tert-butylcaiboxamide 13 (2.4 kg, 13.4 mol) in 1-Propanol 

25 solution 12 L, 20% Pd(OH)2/C 16 wt%, water 144 g. 

The pyrazine-2-tert-butylcarboxamide 13/1 -propanol 
solution was placed into the 5 gal autoclave. The catalyst was added and 
the mixture was hydrogenated at 65°C at 40 psi (3 atm) of H2. 

After 24 h the reaction had taken up the theoretical amount 

30 of hydrogen and GC (gas chromatography) indicated <1 % of 13. The 
mixture was cooled, purged with N2 and the catalyst was removed by 
filtration through Solka Floe. The catalyst was washed with 2 L of warm 
1 -propanol. 

The reaction was monitored by GC: 30 m Megabore column, 
from 100°C to 160°C at 10°C/min, hold 5 min, then at 10°C/min to 
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250°C, retention times: 13 = 7.0 min, 14 = 9.4 min. The reaction could 
also be monitored by TLC (thin layer chromatography) with 
EtOAc/MeOH (50:50) as solvent and Ninhydrin as developing agent. 

Evaporation of an aliquot gave 14 as a white solid m.p. 150- 
151°C; 13c NMR (75 MHz, D2O, ppm) 173.5, 59.8, 52.0, 48.7, 45.0, 
44.8, 28.7. 

EXAMPLE 3 

(S)-2-tert-Butyl-carboxamide-piperazine bis (S)-Camphorsulfonic acid 

H H 
^N. 2 (+)-CSA . 2(+)-CSA 

N CONHt-Bu N ^CONHt-Bu 

H H 

14 15 

Materials 

2 0 rac-2-tert-Butyl-carboxamide-piperazine 14 4. 1 0 kg (22. 1 2 mol) 

in 1-Propanol Solution in 25.5 Kg solvent 

(S)-(+)-10-Camphorsulfonic acid 10.0 Kg (43.2 mol) 

1-Propanol 12 L 

Acetonitrile 39 L 

25 Water 2.4 L 

The solution of amine 14 in 1-propanol was charged to a 100 
L flask with an attached batch concentrator. The solution was 
concentrated at 10 mbar and a temperature < 25°C to a volume of 
30 cal2L. 

At this point, the product had precipitated from the solution, 
but went back into a solution when the mixture was heated to 50°C. 

Acetonitrile (39 L) and water (2.4 L) were added to give a 
clear, slightly brown solution. 
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The (S)-lO-camphorsulfonic acid was charged over 30 min 
in 4 portions at 20°C. The temperature rose to 40°C after the CSA was 
added. After a few minutes a thick white precipitate formed. The white 
slurry was heated to 76°C to dissolve all the solids, the slightly brown 
solution was then allowed to cool to 2FC over 8 h. 

The product precipitated at 62°C. The product was filtered 
without aging at 21°C, and the filter cake was washed with 5 L of the 
CH3CN/l-propanol/H20 26/8/1.6 solvent mixture. It was dried at 35°C 
in the vacuum oven with N2 bleed to give 15 as a white crystalline solid 
m.p 288-290°C (with decomp.) [a]D 25 = 18.9° (c = 0.37, H20). 13c 
NMR (75 MHz, D2O, ppm) 222.0, 164.0, 59.3, 54.9, 53.3, 49.0, 48.1, 
43.6, 43.5, 43.1, 40.6, 40.4, 28.5, 27.2, 25.4, 19.9, 19.8. 

The diastereomeric excess (de) of the material was 95% 
according to the following chiral HPLC assay: an aliquot of 15 (33 mg) 
was suspended in 4 mL of EtOH and 1 mL of Et3N. Boc20 (1 1 mg) was 
added and the reaction mixture was allowed to age for 1 h. The solvent 
was completely removed in vacuo, and the residue was dissolved in ca. 1 
mL of EtOAc and filtered through a Pasteur pipet with Si02, using 
EtOAc as eluent. The evaporated product fractions were redissolved in 
hexanes at ca. 1 mg/mL. The enantiomers were separated on a Daicel 
Chiracell AS column with a hexane/EPA (97:3) solvent system at a flow 
rate of 1 mL/min and detection at 228 nm. Retention times: S antipode = 
7.4 min, R = 9.7 min. 
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EXAMPLE 4 

(S)-2-tert-Butylcarboxamide-4-tert-butoxycarbonyl-piperazine 1 from 
salt 15 ; 

5 

H Boc 
f"S -2W-CSA (Boc)2 q 

N^CONHt-Bu N^CONHt-Bu 
H H 

10 15 -j 

Materials 

(S)-2-tert-Butyl-carboxamide-piperazine 

Bis (S) - (+) - CSA salt 15, 95% ee 5.54 Kg (8.53 mol) 

15 Di-tert-butyl dicarbonate 1 .86 Kg (8.53 mol) 
Lacamas 

Et3N 5.95L (42.6 mol) 
Aldrich 

EtOH Punctilious 200 proof 55 L 

20 EtOAc 2L 



To the (S)-CSA salt 22 in a 100 L 3-neck flask with an 
addition funnel under N2 was added EtOH, followed by triethylamine at 
25°C. The solid dissolved readily on the addition of the Et3N. The 

25 Boc20 was dissolved in EtOAc and charged to the addition funnel. The 
solution of Boc20 in EtOAc was added at such a rate as to keep the 
temperature below 25°C. The addition took 3 h. The reaction mixture 
was aged for 1 h after completion of the addition of the Boc20 solution. 
The reaction can be monitored by HPLC: 25 cm Dupont 

30 Zorbax RXC8 column with 1 mL/min flow and detection at 228 nm, 
isocratic (50/50) CH3CN/O.I M KH2PO4 adjusted to pH=6.8 with 
NaOH. Retention time of 1 = 7.2 min. The chiral assay was carried out 
using the same system as in the previous step. The reaction could also be 
monitored by TLC with a 100% EtOAc as the solvent. (Rf=0.7) 
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The solution was then concentrated to ca. 10 L at a?, internal 
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20 



25 



temperature of <20°C in a batch-type concentrator under 10 mbav 
vacuum. The solvent switch was completed by slowly bleeding in 20 L 
of EtOAc and reconcentrating to ca 10 L. The reaction mixture was 
washed into an extractor with 60 L of EtOAc. The organic phase was 
washed with 16 L of 5% aqueous Na2C03 solution, 2 X 10 L DI water 
and 2 X 6 L of saturated aqueous sodium chloride. The combined 
aqueous washes were back extracted with 20 L of EtOAc and the organic 
phase was washed with 2 X 3 L water and 2 X 4 L of saturated aqueous 
sodium chloride. The combined EtOAc extracts were concentrated under 
10 mbar vacuum with an internal temperature of <20°C in a 100 L batch- 
type concentrator to ca. 8 L. The solvent switch to cyclohexane was 
achieved by slowly bleeding in ca. 20 L of cyclohexane, and 
reconcentrating to ca. 8 L. To the slurry was added 5 L of cyclohexane 
and 280 mL of EtOAc and the mixture was heated to reflux, when 
every thing went into solution. The solution was cooled and seed (10 g) 
was added at 58°C. The slurry was cooled to 22°C in 4 h and the product 
was isolated by filtration after a 1 h age at 22°C. The filter cake was 
washed with 1.8 L of cyclohexane and dried in the vacuum oven at 35°C 
under N2 bleed to give (>99.9 area % by HPLC, R-isomer below level of 
detection) 1 as a slightly tan powder. [a]D 25 = 22.0° (c = 0.20, MeOH), 
m.p 107 °C; 13c NMR (75 MHz, CDC13, ppm) 170.1, 154.5, 79.8, 58.7, 
50.6, 46.6, 43.6, 43.4, 28.6, 28.3. 



(S)-2-tert-Butvl-carboxamide-piperazine bis fLVPvroglutamic acid 16 



EXAMPLE 5 



H 



H 




14 



16 



WO 95/21162 



PCT/US95/01232 



-26- 



10 



15 



20 



25 



30 



Materials 

rac-2-tert-butyl-carboxamide-piperazine 14 (0. 1 1 mol) 

in 1 -propanol solution 1 55 ml, assay=21 . 1 g 

L-pyroglutamic acid 28 g, (0.21 mol) 

Water 5 ml 

The solution of racemic-2-tert-butyl-carboxamide-piperazine 
14 in 1 -propanol was charged to a 500 ml round bottom flask with a 
reflux condenser, mechanical stirrer and a nitrogen inlet. Water was 
added along with L-pyroglutamic acid and the resulting slurry was heated 
to reflux. The homogeneous yellow solution was cooled to 50°C and 
seeded with the bis-(L)-PGA salt of the R amine (50 mgs). Solids began 
forming immediately. The solution was further cooled to 25°C and aged 
for 16 hours. The solids were filtered at 22°C, and the filter cake was 
washed with 35 ml cold l-propanol/1% water. The filter cake was dried 
at 35°C in the vacuum oven with N2 bleed to give 23.74 gms (48%) of 
(R)-2-tert-butyl-carboxamide-piperazine bis (L)-pyroglutamic acid. The 
ee of the material was 98% according to the chiral HPLC assay described 
previously. The yellow mother liquors contained 22.6 gms (46%) of (S)- 
2-tert-butyl-carboxamide-piperazine bis (L)-pyroglutamic acid salt 16 
and the ee was 95% according to the chiral HPLC assay. The mother 
liquors were evaporated and used directly in the protection step shown in 
Example 6. 

EXAMPLE 6 

(S)-2-tert-butylcarboxamide-4-tert-butoxycarbonyl-piperazine 1 from 
(S)-2-tert-butyl-carboxamide-piperazine bis (L)-pyroglutamic acid salt 
IS 
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H Boc 

rV^-PGA ( Bq C ) 2 o X 

N^CONHt-Bu ^ N^CONHt-Bu 

M H 

16 1 

Materials 

(S)-2-tert-butyl-carboxamide-piperazine 

Bis (L)-pyroglutamic acid salt , 95% ee 22.6 g (50.1 mmol) 

Di-tert-butyl dicarbonate 11.1 g (50.1 mmol) 

Et 3N 35.5 mL (0.254 mol) 

1-Propanol 226 ml 

EtOAc 24 ml 



15 To (S)-2-tert-butyl-carboxamide-piperazine bis (L)- 

pyroglutamic acid salt in a 500 ml 3-neck flask with addition funnel 
under N2 was added 1-propanol. The gummy yellow solid dissolved 
readily on the addition of the Et3N. A solution of Boc20 in EtOAc was 
added over 2 h at 22°C. The reaction mixture was aged for 1 h after 

2 o completion of the addition. 

The reaction can be monitored by HPLC (high performance 
liquid chromatography) and TLC using the same procedures as for the 
conversion of 15 to 1. 

The solution was then concentrated and solvent switched to 
2 5 ethyl acetate (200 ml). The reaction mixture was washed with 50 ml of 
7% aqueous Na2C03 solution, 2 X 30 ml water and dried (Na2S04) and 
filtered. The EtOAc solution was concentrated and solvent switched to 
cyclohexane (60 ml). EtOAc (1 mL) was added and the mixture was 
heated to reflux to dissolve all solids. The mixture was cooled and 

3 o seeded (50 mg) at 52°C. The slurry was cod ; i to 22°C over 2 h and the 

product was isolated by filtration after a 1 h age at 22°C. The filter cake 
was washed with 8 ml of cyclohexane and dried in the vacuum oven at 
35°C under N2 bleed to give (>99.9 area % by HPLC analysis, R-isomer 
below level of detection) 1 as an off white powder. 
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EXAMPLE7 

Racemization of (S)-2-tert-butylcarix)xamide-4-tert-butoxycarbonyl- 
piperazine 1 with Strong Base 

Boc Boc 



15 



20 



A: Racemizing Agent = Potassium tert-butoxide 

(S)-24ert-butylcarboxamide4-tert-butyloxycarbonyl- 

piperazine 1 (99.4%ee) 0.416 g 

Potassium-tert-butoxide in tert-butanol 1 M 0.04 mL 

Cyclohexane 7.3 mL 



To a slurry of the enantiomerically pure piperazine 
derivative (1) in cyclohexane was added the potassium-tert-butoxide and 
it was then heated to reflux for 1 hour. After cooling to r.t. a white 
precipitate formed which was filtered off to give 405 mg of racemic 2- 
2 5 tert-butylcaiboxamide-4-tert-butyloxycarbonyl-piperazine. 

ft: Racemizing Agent = n-Butyl lithium 

(S)-2-tert-butylcarboxamide-4-tert-butyloxycarbonyl- 

30 piperazine (99.4%ee) 0.421 g 

n-Butyl lithium in Cyclohexane 2.0 M 0.37 mL 

Cyclohexane 7.5 mL 



To the slurry of enantiomerically pure piperazine derivative 
(1) in cyclohexane was added slowly, with ice cooling, the solution of n- 
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butyl lithium. The mixture was heated to reflux over night. Removal of 
an aliquot and analysis indicated mat the ee had eroded to 50%. 

C: Racemizine Agent = Schwesinger Base 

(S)-2-tert-butylcarboxamide-4-tert-butyloxycarbonyl- 

piperazine (99.4%ee) 0.342 g 

l-tert-Octyl-4,4^Tris(dMemylamino)-2,2-bis[tris- 

(dmiemylanuBo)-phosphoranylideneamino]-2,4-catenadi- 

(phosphazene) 1M in hexane (Schwesinger base) 0.09 mL 

Methylcyclohexane 6 mL 

The enantiomerically pure piperazine derivative (1) was 
heated to reflux with the Schwesinger base for 14 hours. Removal of an 
aliquot showed that the enantiomeric excess had eroded to 52%. 

EXAMPLE g 

Racemization of (S)-2-tert-butylcarboxamide-4-tert-butoxycarbonyl- 
pjperazine 1 with Carboxvlic Acid 

Boc Boc 



30 Racemizing Agent = Acetic acid 

(S)-2-tert-butylcarboxamide-4-tert-butyloxycarbonyl- 

piperazine 1 (99.4%ee) 0.441 g 

acetic acid 7.73 mL 



WO 95/21162 



PCTAJS95/01232 



-30- 

The enantiomerically pure piperazine derivative (1) was 
heated in acetic acid to 100°C for 12 hours. After cooling to 22°C, the 
acetic acid was removed by evaporation in vacuo to give 430 mg of a 
white solid. Determination of the ee showed an erosion to 68%. 

EXAMPLE 9 

Racemization of (S)-2-tert-butylcarboxamide-4-tert-butoxycarbonyl- 
piperazine 1 with Anhydrous Metal Sfrlt 




Racemizing Agent = Magnesium chloride 

20 

(S)-2-text-butylcarboxamide-4-tert-butyloxycarbonyl- 
piperazine 1 (99.4%ee) 0.430 g 

Magnesium chloride anhydrous 0.03 g 

Ethyleneglycol diethylether 50 mL 

25 

The enantiomerically pure piperazine derivative (1) and 
anhydrous magnesium chloride was heated for 12 h to 100°C in the 
ethyleneglycol diethylether. Removal of an aliquot and analysis 
indicated that the ee had eroded to 97%. 

30 

EXAMPLE 10 



Racemization of (S)-2-tert-butylcarboxamide-piperazine bis [(1S)- 
P^phpr-IQ-Eulfonic acidl 1? with Strong Base 



WO 95/21 162 PCT/US95/01232 



10 



15 



20 



25 



30 



-31- 

A .*»» A 



15 



14 



Racemizing Agent = Pot assium tert-butoxide 

(S)-tert-Butylcarboxamide-piperazine b : ■ [(lS)-camphor-lO-sulfonic 
acid] 15 99.3% de 0.559 g 

Potassium tert-butoxide in Tetrahydrofuran 1 .72 M 1 .25 Ml 

Methylcyclohexane 9 mL 

The diastereomerically pure piperazine camphorsulfonic 
acid salt (15) was suspended in methylcyclohexane and the potassium 
tert-butoxide/THF solution added. The reaction mixture was heated to 
80°C for 12 hours. Removal of an aliquot indicated that the enantiomeric 
purity of the piperazine had eroded to 32%. 

EXAMPLE 11 

Racemization of (S)-2-tert-butylcarboxamide-piperazine bis [(1S)- 
camphor-10-sulfonic acidl 15 with Caiboxvlic Acid 

A -2M-CSA A 

SrVf SrrY 

o 1 o 1 

(2) NaOH 

15 14 
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Racemizing Agent = Acetic Acid 

(S)-tert-Butylcarboxamide-piperazine bis [(lS)-camphor-lO-sulfonic 



The diastereomerically pure piperazine camphorsulfonic 
acid salt (15) was heated in acetic acid at 1 1 6°C for 66 h. After cooling 
to 25°C, the mixture was diluted with 30 mL THF, adjusted to pH 9.5 
with 50% NaOH, and extracted with ethyl acetate (3 x 50 mL). The 
organic phases were combined and dried with anhydrous magnesium 
sulfate and concentrated to give the piperazine amide free base (14). 
Determination of ee showed an erosion to 71% by chiral HPLC assay. 



Racemization of (R)-2-tert-butylcarboxamide-4-furopicolyl-piperazine 
with Strong Base 



acid] 15 99% de 
acetic acid glacial 



2.14 g 
10 mL 




Racemizine Agent = Potass ium tert-butoxide 



(R)-2-tert-butylcarboxamide-4-furopicolyl-piperazine 
(99.3%ee) 

potassium-tert-butoxide 1.7 M in THF 
THF 



1.87 g 
0.02 mL 
25 mL 



WO 95/21162 



PCT/US95/01232 



10 



15 



20 



25 



-33- 

The enantiomerically pure (R)-2-tert-butylcarboxamide-4- 
furopicolyl-piperazine is dissolved in THF and potassium-tert-butoxide is 
added. The solution is heated to reflux for 3 h, when analysis of an 
aliquot by chiral HPLC indicates that the material is racemic. 

EXAMPLE 13 

Racemization of (R)-2-tert-butylcarboxamide-4-(3-picolyl)-piperazine 
with Strong Base 





Racemizine Agent = Potas sium tert-butoxide 

(R)-2-tert-butylcarboxamide-4-(3-picolyl)-piperazine 

(99.3%ee) * 0.67 g 

potassium-tert-butoxide 1.7 M in THF 0.01 mL 

THF 21 mL 

The enantiomerically pure (R)-2-tert-butylcarboxamide-4- 
(3-picolyl)-piperazine is dissolved in THF and potassium-tert-butoxide is 
added. The solution is heated to reflux for 4 h, when analysis of an 
aliquot by chiral HPLC indicates mat the material is racemic. 



30 
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EXAMPLE 14 

Combination of Racemisation of (R)-2-tert-butylcarboxamide-piperazine 
bis (LVpyroglutamic acid salt and Resolution 

5 

H H 

CNk , n racemization 

10 ° 17 O ' 

H 

H resolution 



15 



n resolution f ^ 

y ' SrV V 



20 



25 



A: Racemization in cvclohexane/THF as the solvent: 

(R)-2-tert-butylcarboxamide-piperazine bis (L)- 214.98 g 
pyroglutamic acid salt (17) 97.9% R, 1 .03%S, 3.4% TG (0.468 mol) 
NaOH 50% aqueous 80 mL 

1-Propanol 40 mL 

Water 65 mL 

Tetrahydrofuran 700 mL 
sat. aqueous K2CO3 sol. 50 mL 

K-tert-butoxide 1M in tert-butanol 12.1 mL 



The piperazine bis (L)-pyroglutamic acid salt (undesired (R) 
enantiomer from Example 5) (17) was dissolved in 1-propanol, H2O and 
NaOH in a separately funnel. To the biphasic system was added 700 mL 
of THF and the aqueous phase was separated. The organic phase was 
washed twice with 25 mL sat. aqueous K2CO3 solution. The organic 
solution was transferred to a 1 L 3 neck flask with mechanical stirring 
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and distillation head. At atmospheric pressure, the THF was solvent 
switched into cyclohexane by concentrating down to a total volume of ca. 
250 mL followed by the addition of 700 mL of cyclohexane and 
reconcentrating to 250 mL. After the addition of 150 mL of THF and 
potassium-tert-butoxide, the light slurry was heated to reflux for 7 h. The 
slurry was cooled to 2°C over 2 h, filtered and washed with 2 x 40 mL of 
cyclohexane. After drying, 82.94 g (96% recovery) of a white crystalline 
powder was obtained (99.7 wt%, 50.8% R, 49.2% S). 

The racemic material can be resolved with 1.8 equiv. of (L)- 
pyroglutamic acid in a 1-propanol/water medium (see Example 5). 

B: Racemisation in 1-propanol as solvent: 

(R)-Piperazine-2-tert-butyl-carboxamide- 29.62 g(TG = 3.4%) 

bis-L-Pyroglutamic acid salt (17) (64.6 mMol) 

50% (w/w) aqueous NaOH solution 1 1 .7 mL 

Water 11.7mL 

1-Propanol 90 mL 

Sat. aqueous K2CO3 sol. 10 mL 

K tert-butoxide in THF, 1.72 M 1.15 mL 

The amine salt (17) was dissolved in a separatory funnel in 
the water/1 -propanol mixture by warming to 40°C. On the addition of 
NaOH, a second phase formed, which was cut. The aqueous phase was 
washed twice with 5 mL of saturated aqueous K2CO3 solution. 

An HPLC assay indicated that 95% of the 
amine was extracted into the organic phase. 

The solution of the amine in 1-propanol was charged to a 
distillation flask, and 200 mL of dry propanol was added. The solution 
was distilled at atmospheric pressure, until the solvent went over at 98°C 
and the KF of an aliquot had fallen to 0.350 mg/mL of solution. 
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The distillation head was replaced with a reflux condenser 
and 1.15 mL of a 1.72 M solution of K-tert-butoxide was added. The 
solution was heated to reflux, and chiral analysis of an aliquot indicated 
that the amine was racemic (50% R, 50% S) after 17 h at reflux. The 
racemic material can be resolved with 1.8 equiv. of (L)-pyroglutamic acid 
in a 1-propanol/water medium (see Example 5). 

It is equally possible to achieve the same racemisation by the 
addition of a solution of Na or K-propoxide in 1-propanol. 

EXAMPLE 15 

Combination of Racemisation of (R)-2-tert-butylcarboxamide-piperazine 
bis (LVpvroglutamic acid salt (17) and Resolution 



15 H 



f' ,N ) h •? rV " racemization 

h i r 0 " k B Vf 

17 O 1 



H 

H resolution 



j^j resoiuiion r ^i 



Racemisation in 1-propanol via in situ preparation of the alkoxide: 

3 0 (R)-Piperazine-2-tert-butyl-carboxamide- 1 88.9 g (TG = 3 .4%) 

bis-L-Pyroglutamic acid salt (17) (0.42 mol) 

1-Propanol 950 mL 

50% (w/w) aqueous NaOH solution 250 g 

Water 300 g 
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The amine salt (17) was dissolved in the 1-propanol, NaOH, 
H2O mixture in a separatory funnel. A lower phase formed and was 
separated. 

The lower aqueous phase contained most of the L-PGA, while 
the upper 1-propanol phase contained the 79.0 g piperazine 
(assay by HPLC, 100% recovery). Also present in the organic 
phase was 4.5 mol% L-PGA and, by HC1 titration, 33 mol% 
NaOH. 

The organic phase was azeotropically dried, until the KF of the solution 
had reached 0.259 mg/mL of solution. At this point, an aliquot was 
withdrawn and was determined to be racemic (50% R, 50% S). 

1 3.9 g of solid KHCO3 and 50 mL of H2O were added to 
the solution at 60°C and the solution stirred for 30 minutes. A solid 
phase separated and was removed by filtration. 

The remaining 1-propanol solution was free from any strong 
base at mis point and can be resolved using the previously described 
conditions (see e.g., Example 5). 

EXAMPLE 16 



1 -((R)-2 , ,3'-Epoxypropyl)-(S)-2-tert-butylcarboxamide-4-tert- 
25 butoxvcarbo nvl-piperazine 3 

so'O r£K™ Boc ^ 

t-Bu-NH A 0 t-Bu-NH^O 

30 
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Materials 

(S)-2-tert-butylcarboxamide-4-tert- 
butoxycarbonyl-piperazine 1 



1 1.0 g (38.4 mmol) 
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(2S)-(+)-Glycidyl-3-nitrobenzenesulfonate 2 9.96 g (38.4 mmol) 



Piperazine 1 and (2S)-(+)-Glycidyl-3-mtrobenzenesulfonate 
2 were dissolved in a 250 mL flask with magnetic stirring under N2 in 
DMF and DIEA. The resulting homogenous solution was heated to 60- 
62°Cfor9h. 

TLC (100% EtOAc as eluent, Ninhydrin stain) indicated 
complete consumption of piperazine 1. 

The reaction was quenched by the addition of 30 mL of a 
5% aqueous NaHC03 solution. The reaction mixture was extracted with 
400 mL of isopropyl acetate. The organic phase was washed with water 
(3 x 50 mL) and brine (1 x 50 mL), dried (Na2S04) and evaporated to 
give a yellow oil. Flash chromatography (4 cm x 20 cm column, Si02, 
gradient elution with 30:70 EtOAcrhexanes to 60:40 EtOAcmexanes) and 
evaporation of the product containing fractions gave 9.24 g (71% yield) 
of 3 as an oil. [alD 2 ^ -17.7° (c = 0.12, MeOH); 13c NMR (100 MHz, 
CDC13, -25°C, ppm of major rotamer) 170.0, 154.1, 80.2, 66.7, 56.3, 
51.7, 50.8, 50.2, 47.0, 44.0, 41.9, 28.3, 28.1. 



Preparation of Epoxide 3 from Piperazi ne 1 and (SVGlvcidol 4 



Diisopropylethylamine 



5.5 mL (42.2 mmol) 
38 mL 



DMF 



EXAMPLE 17 




t-Bu-NH 



O 



2) TsCI 

3) NaH 



t-Bu-NH^O 3 
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The piperazine 1 (2.00 g, 7.00 mmol) and (S)-glycidol 4 
(930 uL, 14.0 mmol) were heated at reflux in 19 mL of isopropanol for 
17 h, then the mixture was partitioned with 100 mL of ethyl acetate and 
50 mL of water. The layers were separated, and the ethyl acetate layer 
was washed with saturated sodium chloride, dried with MgSCH, and 
concentrated to 2.4 g of a gum. A portion of the gun (241 mg) was 
treated with 2 mL of pyridine and p-toluenesulfonyl chloride (130 mg, 
0.68 mmol) overnight, then it was concentrated to an oil. The oil was 
partitioned with 25 mL of ethyl acetate and 10 mL of water. The ethyl 
acetate layer was washed with brine, dried (MgS04) and concentrated to 
an oil. The crude oil was dissolved in 2 mL of THF and treated with 100 
mg of 60% NaH dispersion in oil. After 1 h, the mixture was partitioned 
with ethyl acetate (50 mL), and 10 mL of water. The ethyl acetate layer 
was dried with MgS04 and concentrated to afford the desired epoxide 3 
(see previous experimental for spectral data). 

EXAMPLE 18 



Preparation of Coupled Product 8 from Ami de 7 and Epoxide 3 
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A solution of acetonide 7 (216 mg, 0.67 mmol), which can 
be made according to the procedure described in U.S. Patent No. 
5,169,952, issued December 8, 1992, and N-Boc-piperazine epoxide 3 
(229 g, 0.67 mmol, 1.0 equiv.) in 3.5 mL of THF (KF = 22 \Lg/mL) (KF 
stands for Karl Fisher titration for water) in a 100 mL round bottom flask, 
equipped with a thermocouple, magnetic stirrer, and under nitrogen 
atmosphere, was cooled to -78°C. Then, n-butyllithium in hexanes 
solution (0.9 mL, 1.6 M, 2.1 equiv.) was added, while keeping the 
internal temperature between -78°C to -73°C. The reaction mixture was 
stirred at -76°C for 1 h and then allowed to warm to -25°C over 1 h. The 
mixture was stirred between -25 to -22°C for 2.5 h. Then, the reaction 
mixture was quenched with DI water (5 mL) at -15°C and partitioned 
with ethyl acetate (20 mL). The mixture was agitated and the layers were 
separated. The ethyl acetate extract was washed with saturated NaCl (10 
mL) and concentrated under reduced pressure (28" of Hg) to afford cmde 
product which was chromatographed on a silica gel column with ethyl 
acetate/hexane (3:2) to give the coupled product 8 (84 mg, 20%) as a 
pale yellow syrup: 13c NMR (CDCI3, 75.4 MHz) 5 172.6, 170.2, 154.6, 
140.8, 140.4, 139.6, 129.5, 128.8, 128.1, 127.2, 126.8, 125.6, 124.1, 96.7, 
80.4, 79.2, 65.9, 65.8, 62.2, 51.3, 50.1, 45.3, 43.5, 39.5, 39.1, 36.2, 28.8, 
28.4, 26.5, 24.2. 



25 



30 
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EXAMPLE 19 



Preparation of penultimate 9 




20 To a solution of compound 8 (5.79 g. 8.73 mmol) in 25.5 

mL isopropanol at 0°C was added 20 ml of 6N aqueous HC1, then 15 
minutes later 10 mL of concentrated HC1 was added. After 1 hour, the 
mixture was warmed to 20°C and aged for 4 hours. The mixture was 
then cooled to 0°C, and the pH was adjusted to 12.5 with 13 mL of 50% 

2 5 aqueous NaOH, while keeping the temperature £ 29°C. The mixture was 
extracted with 2 x 80 mL of EtOAc, and the extracts were dried with 
MgS04 and concentrated to afford 5.46 g of the product 9 as a colorless 
foam: 

13c NMR (75.4 MHz, CDCI3) 5 175.2, 170.5, 140.8, 140.5, 139.9, 
30 129.1, 128.5, 127.9, 126.8, 126.5, 125.2, 124.2, 73.0, 66.0, 64.8, 62.2, 
57.5, 49.5, 47.9, 46.4, 45.3, 39.6, 39.3, 38.2, 28.9. 
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EXAMPLE 20 
Preparation of Compound J -monohvdrate 



5 



10 



15 




To the solution of 9 in EtOAc (10.5 L, KF = 10 mg/mL) 
from the previous step, was charged with 20 L of sieve dried DMF (KF < 
30 mg/L) and the mixture was heated with a steam bath under vacuum of 
30" of Hg to distill off mainly water and/or any residual isopropanol or 

25 ethyl acetate solvent. The final concentrate volume was 1 3.5 L (KF =1.8 
mg/mL) and then triethylamine (2.86 L, 20.51 mol) was added to the 
25°C solution followed by 3-picolyl chloride hydrochloride (96%, 1287 
g, 7.84 mol). The resulting slurry was heated to 68°C. 

The progress of the reaction was followed by HPLC analysis 

30 using the same conditions as the previous step. Approximate retention 
times: 
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Retention time fmin^ 
2.7 
4.2 
4.8 
9.1 

The mixture was aged at 68°C until the residual penultimate 
compound 9 was < 0.3 area % by HPLC analysis. HPLC conditions: 25 
cm Dupont C8-RX column, 60:40 acetonitrile/lOmM 
(KH2PO4/K2HPO4), 1 .0 ml/min, detection = 220 nm. 

The mixture was stirred at 68°C for 4 h, then cooled to 25°C 
and partitioned with ethyl acetate (80 L) arm a mixture of 24 L of 
saturated aqueous NaHC03 ar tilled water (14 L). The mixture was 
agitated at 55°C and the layers e separated. The ethyl acetate layer 
was washed three times with waier (20 L) at 55°C. The washed ethyl 
acetate layer was concentrated at atmospheric pressure to a final pot 
volume of 30 L. At the end of the atmospheric concentration, water (560 
mL) was added to the hot solution and the mixture was cooled to 55°C 
and seeded with Compound J monohydrate. The mixture was cooled to 
4°C and filtered to collect the product The product was washed with 
cold ethyl acetate (2X3 L), and dried at house vacuum at 25°C to afford 
2905 g (7G.7 %) of Compound J r jnohydrate as a white solid. 

The differential scanning calorimetric (DSC) curve for 
Compound J monohydrate at 10°C/min under a nitrogen flow showed a 
relatively broad, shallow endothenn with a peak temperature of about 
66°C followed by an endotherm-exotherm combination in the 
temperature range of 129 to 134°C and finally a major melting endothenn 
with a peak temperature of 158°C, an extrapolated onset temperature of 
155°C and a corresponding heat of melting of 59 J/g. 



Identity 
DMF 

3-picolyl chloride 
Compound J 
penultimate 9 
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EXAMPLE 21 

Kinetic Resolution of (S/R)-2-tert-Butylcarboxamide-4-tert-butoxy- 
carbonvl-piperazine 17 to 1 . 

Boc Boc 



C 1 — * GL 

N"XONHt-Bu N^CONHt-Bu 
H H 

10 17 1 

Materials 

Crude (S/R)-2-tert-Butylcarboxamide4-tert-butoxy- 1.40g 
carbonyl piperazine 17 

(S)-2-tert-Butylcarboxamide-4-tert-butoxycarbonyl- 4 x 0. 1 4 g 

piperazine 1 (>99.5%ee) 

Methylcyclohexane with 2% (vol/vol) EtOAc 14 mL 

The crude, gummy 17 was dissolved in 14 mL of the solvent 
mixture by heating to 90°C. The solution was allowed to cool, and at 
10°C intervals the solution was seeded with 0.14 g of 1 (>99.5% ee). At 
55°C, the fourth 0.14 g batch of seed did not dissolve any more and on 
further slow cooling to room temperature a white crystalline mass 
formed. The reaction mixture was filtered, washed with 3 mL of the 
methylcyclohexane/EtOAc solvent mixture and dried in the vacuum oven 
under N2 bleed to give 0.95 g of a white solid. Determination of the 
enantiomeric purity with a Chiracell AS column showed 93%ee. 

The processes and intermediates of this invention are useful 
for the preparation of end-product compounds that are useful in the 
inhibition of HIV protease, the prevention or treatment of infection by the 
human immunodeficiency virus (HTV), and the treatment of consequent 
pathological conditions such as AIDS. These end-product compounds 
and their ability to inhibit HIV protease are described in EPO 541,168, 
which published on May 12, 1993. Treating AIDS or preventing or 
treating infection by HTV is defined as including, but not limited to, 
treating a wide range of states of HIV infection: AIDS, ARC (AIDS 
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related complex), both symptomatic and asymptomatic, and actual o: 
potential exposure to HTV. For example, the end-product compounds that 
can be made from the processes and intermediates of this invention are 
useful in treating infection by HIV after suspected past exposure to HTV 
by, e.g., blood transfusion, organ transplant, exchange of body fluids, 
bites, accidental needle stick, or exposure to patient blood during surgery. 

The end-product HIV protease inhibitors are also useful in 
the preparation and execution of screening assays for antiviral 
compounds. For example, end-product compounds are useful for 
isolating enzyme mutants, which are excellent screening tools for more 
powerful antiviral compounds. Furthermore, such compounds arc useful 
in establishing or determining the binding site of other antivirals to HTV 
protease, e.g., by competitive inhibition. Thus, the end-product 
compounds that are made from the processes and intermediates of this 
invention are commercial products to be sold for these purposes. 

HIV protease inhibitor compounds that can be made from 
the intermediates and processes of the instant invention are disclosed in 
EPO 541,164. The HIV protease inhibitory compounds may be 
administered to patients in need of such treatment in pharmaceutical 
compositions comprising a pharmaceutical carrier and therapeutically 
effective amounts of the compound or a pharmaceutically acceptable salt 
thereof. EPO 541,164 discloses suitable pharmaceutical formulations, 
administration routes, salt forms and dosages for the compounds. 

The compounds of the present invention, may have 
asymmetric centers and occur as racemates, racemic mixtures and as 
individual diastereomers, or enantiomers with all isomeric forms being 
included in the present invention. 

When any variable (e.g., aryl, heterocycle, R, R 1 , R 2 , n, X, 
etc.) occurs more than one time in any constituent or in Formulas I-XI, its 
definition on each occurrence is independent of its definition at every 
other occurrence. Also, combinations of substituents and/or variables are 
permissible only if such combinations result in stable . impounds. 

As used herein except where noted, "alk> i" is intended to 
include both branched- and straight-chain saturated aliphatic hydrocarbon 
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groups having the specified number of carbon atoms (Me is methyl, Et is 
ethyl, Pr is propyl, Bu is butyl; t-Bu is tert-butyl). As used herein, "aryl" 
is intended to mean phenyl (Ph) or naphthyl "Heteroaryl," as used 
herein, is intended to mean a 6-membered aromatic heterocyclic ring or a 
stable 8- to 10- membered unsaturated bicyclic heterocycle wherein the 
mono- or bicyclic- heterocyle consists of carbon atoms and one to three 
heteroatoms selected from the group consisting of N, O or S. For 
example, the term "heteroaryr would include, but is not limited to, the 




While the foregoing specification teaches the principles of 
30 the present invention, with examples provided for the purpose of 
illustration, it will be understood that the practice of the invention 
encompasses all of the usual variations, adaptations or modifications, as 
come within the scope of the following claims and it equivalents. 
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WHATIS CLATMRDTSr 

1 . A process for racemization of optically pure or 
enriched piperazine-2-tert-butylcarboxamide substrate of Formula DC or 
X, or a salt thereof, 

V R 1 



NH 




IX X 

15 comprising reacting said substrate, or s salt thereof, with a racemizing 
agent selected from a strong base, an anhydrous metal salt or a carboxylic 
acid, in a solvent at a temperature range of between room temperature 
and 250°C; 
wherein 

R 1 and R 2 are each independently selected from the group consisting of 
0 0 

M II 

hydrogen, R, ~ C " R and ~~ C_0R ; and 

R is selected from the group consisting of Ci-5 alkyl, -CH2-aryl, 
25 -CH2-heteroaryl, aryl and trifluoromethyl. 

2. The process of Claim 1 , wherein R 2 is selected from 

O 

the group consisting of hydrogen and —C ~ 0R ; and 

30 

R is selected from the group consisting of Q-5 alkyl, -CH2-aryl and 
-CH2-heteroaryl. 
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3. The process of Claim 2, wherein said racemizing 
agent is a strong base selected from the group consisting of an alkyl 
lithium, a lithium amide, a hydroxide, an alkoxide and a Schwesinger 
base. 

4. The process of Claim 3, wherein said strong base is 
selected from the group consisting of lithium tert-butoxide, sodium tert- 
butoxide, potassium tert-butoxide, lithium n-propoxide, sodium 
n-propoxide, potassium n-propoxide, sodium methoxide, potassium 
methoxide, sodium ethoxide and potassium ethoxide, 

5. The process of Claim 2, wherein said racemizing 
agent is an anhydrous metal salt selected from magnesium chloride, 
magnesium bromide, zinc chloride, iron (HI) chloride or titanium (IV) 
chloride. 

6. The process of Claim 2, wherein said racemizing 
agent is a carboxylic acid selected from acetic acid, propionic acid, 
butyric acid or isobutyric acid. 

7. The process of Claim 2, wherein said temperature 
range is between 50 and 120°C. 

8. The process of Claim 2, wherein said solvent is an 
ether, an alkane, a cycloalkane, an alcohol or an aromatic compound, or a 
mixture thereof. 



30 



9. The process of Claim 8, wherein said solvent is 
selected from THF, cyclohexane or propanol, or a mixture thereof. 
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10. The process of Claim 2, wherein said substrate is 
selected from the group consisting of 
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11. The process of Claim 10, wherein said substrate is 
selected from the group consisting of 



H V 
H II X N V 




and 




20 or a salt thereof. 

12. The process of Claim 1 1 , comprising the additional 
step of isolating the (S)-enantiomer of the piperazine-2-tert- 
butylcarboxamide compound from the racemate. 

25 

1 3. The process of Claim 2, wherein said salt is selected 
from a pyroglutamic acid salt or a camphorsulfonic acid salt. 

14. The process of Claim 13, wherein said salt is the 
3 0 bis-(L)-pyroglutamic acid salt. . 
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15. A process for racemization of an optically pure or 
enriched piperazine-2-tert-butylcarboxamide substrate of Formula DC, or 
a salt thereof, 




comprising reacting said substrate, or a salt thereof, with an alkoxide in 
1-propanol at a temperature range of between 50 and 120°C; wherein 
15 Rl is hydrogen or tert-butyloxycarbonyl; and 
R2 is hydrogen. 

1 6. The process of Claim 15, wherein said alkoxide is 
selected from sodium n-propoxide, potassium n-propoxide and lithium n- 

20 propoxide. 

17. The process of Claim 16, wherein said sodium, 
potassium or lithium n-propoxide is prepared in situ by the azeotropic 
drying of sodium, potassium or lithium hydroxide in 1-propanol. 

25 

1 8. The process of Claim 17, wherein said salt is the 
bis-(L)-pyroglutamic acid salt. 



1 9. The process of Claim 16, wherein said temperature 
range is between 85 and 120°C. 
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20. A compound of Formula XI and salts thereof 



R 2 0 



XI 



i o wherein R 1 and R.2 are each independently selected from the group 

O O 

II II 

consisting of hydrogen, R, and ; and 

R is selected from the group consisting of C 1-5 alkyl, -CH2-aryl, 

-CH2-heteroaryl, aryl and trifluoromethyl. 

15 

21 . The compound of Claim 20, wherein 



Rl is selected from the group consisting of hydrogen, R and 



O 
ii 

— C-OR 



20 



R2 is selected from the group consisting of hydrogen and C ~ 0 R ; and 



R is selected from the group consisting of Ci-5 alkyl, -CH2-aryl and 
-CH2-heteroaiyl. 

25 
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22. The compounds of Claim 21 , and salts thereof, 



selected from the group consisting of 




30 



,., ■-, - r . rTTfiH.t 1 T CTTADPII T> V DY\DT 

INTERNATIONAL SEARCH Kixuki 


Intern; J Application No 




PCT/US 95/01232 



IPC6 C07D241/04 C07D401/06 C07D491/04 C07D405/06 C07D413/06 
A61K31/495 

According to International Patent QacificaUion (IPQ or to both national classification and IPC 



B. F1BLDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C07D A61K 



Documentation searched other than minimum documentaoon to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



CHEMICAL ABSTRACTS, vol. Ill, no. 25, 
18 December 1989 
Columbus, Ohio, US; 
abstract no. 232862, 
ITO YASUO ET AL. 

'2-(Aminomethyl)pipera2ine derivatives as 
intermediates for drugs.' 
see abstract 

& JP,A,01 117 869 (HOKURIKU PHARMACEUTICAL 
CO., LTD.) 10 May 1989 

-/" 



20,21 



0 



Further documents are listed in the continuation or box C. 



0 



Patent family members arc listed in annex. 



* Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority dale and not in conflict with the appli canon but 
cited to understand the principle or theory underlying the 
invention 

# X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

" Y * document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person s 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



20 April 1995 



Date of mailing of the international search report 



-2.05.95 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 I 
NL - 2280 HV Ripwijk 
Td. ( + 31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: ( + 31-70) 340-3016 



Authorized officer 



Chouly, J 



Form PCT/1SA/210 (iccond ihtet) (July 1993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern U Application No 

PCT/US 95/01232 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim Na 



TETRAHEDRON LETTERS, 

vol. 35, no. 5, 31 January 1994 

pages 673-676, 

D. ASKIN ET AL. 'Highly 

diastereoselective reaction of a chiral, 

non-racemic amide enolate with 

(S)-glycidyl tosylate. Synthesis of the 

orally active HIV-1 protease inhibitor 

L-735,524.' 

see the whole article, especially page 
675, formula 13 and page 676, paragraph 
(11). 

EP,A,0 346 847 (HOFFMANN-LA ROCHE AG) 20 

December 1989 

see page 44 - page 46 

EP,A,0 541 168 (MERCK & CO. INC.) 12 May 
1993 

cited in the application 
see claims 

EP,A,0 604 185 (ELI LILLY AND CO.) 29 June 
1994 

see examples 45,46 and claims 



20,21 



1-21 



1-21 



1-21 



Form PCT/ISA/210 (continuation of second shest) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Patent document 
cited in search report 



Publication 
date 



Intern d Application No 

PCT/US 95/01232 



Patent family 
member(s) 



Publication 
date 



EP-A-346847 


20-12-89 


AU-B- 


624144 


04-06-92 




AU-A- 


3613089 


14-12-89 






DE-D- 


68915207 


16-06-94 






DE-T- 


68915207 


18-08-94 - 






ES-T- 


AAP OA 1 r 

2052815 


1 ^ A"? ftil 

16-07-94 






IL-A- 


90550 


25-01-94 






JP-A- 


2042048 


13-02-90 v . 






N0-B- 


175715 


15-08-94 v 






PT-B- 


90836 


30-11-94 






US-A- 


5157041 


20-10-92 


EP-A-541168 


12-05-93. 


AU-A- 


2819992 


13-05-93 




f\ A 1 

CA-A- 


2081970 








CZ-A- 


9401110 


i c a *> ae 

15-03-95 






FI-A- 


942112 


A/* At Ail 

06-05-94 






JP-A- 


5279337 


/>/■ 4 A AO 

26-10-93 






N0-A- 


941696 


24-06-94 






W0-A- 


9309096 


13-05-93 


EP-A-604185 


29-06-94 


AU-B- 


5252893 


07-07-94 




BR-A- 


9305162 


01-11-94 






CA-A- 


2112042 


23-06-94 






CZ-A- 


9302814 


13-07-94 






FI-A- 


935778 


23-06-94 






JP-A- 


6271534 


27-09-94 






NO-A- 


934719 


23-06-94 






PL-A- 


301581 


27-06-94 



"si*". 



Form PCT/ISA/210 (patent family uiw| (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
QTfaded TEXT OR DRAWING 
Q / BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GJtAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

-El REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



